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(57) Abstract: The present invention relates to a lithium secondary battery comprising: a
positive electrode; a negative electrode: a separator between the positive electrode and the
negative electrode; and an electrolyte, wherein the negative electrode comprises: a negative
electrode current collector layer; and a negative electrode active material layer comprising
a negative electrode active material layer composition and provided on one side or both
sides of the negative electrode current collector layer, wherein the negative electrode active
material layer composition comprises a carbon-based active material, comprises, based on
100 parts by weight of the carbon-based active material, 1 part by weight to 50 parts by
weight of artificial graphite having an initial capacity of 330 mAh/g or more, and has an
NP ratio of 110 or more.

by iz
I

N,
2,
2
of
{0
©
o
t
rlr
o
9,
¢
o
=

R
ool
_O|L
E

o
~

i 013
|
o i)
o
~

lo

H

>~

el
)

g
T

o>

lo

N,

3,
AR
o ot ¥ 2%

i
T

L—C?Lo?:,rﬁ
SN
a

e
i L
=

i

ol

ol
K

4

S
%o
i
)
4
gk
i
bt i
i @i
J
N
ox, g
i
rlo
OIN‘ dlo o
o
oy 2
X oX,
o 24 o
ofjl

(i

—
)

[¢)
z7] £5F0] 330
H NP ratio”} 110 ©

a0
B
)
o
=
O U3

o
0
(o
-0,

ofy o,
ofl

iy
o

2,

wn

S i
of¥ rim
o

2,
o
Jm
ox -
(o

fitl
i
fin}

1L AN IR



PCT/KR2024/096555

WO 2025/105926

X
e
3
B ©°
T
T
B R
i
o}
mo
=

7] & HoF

gl A

5

16dof st 5

=

2023 114

o
T

=

[1]

SETD

0159140=

Y

o

=

e

e

=

X

!

_

X

o

lcal

My

o}

5 W

| N

05
=

ol A o Ab-g-ll o

g

b

A ol A

Z7hE Qlste] o

3t

ER R

-

ojo

ol
olo

T

ol

71 &}

ojo

O B o)z}

2]

of whe} of A
olat AA T w2 ol YA W

F713
il

i} a7}
o]

71 A

g}
&

o} ol

Z7hsta 9
o] 4, 4]

o

A7t 4

= A
= T

b 7k, Abe]

Gt

stE o] de] ARg¥ oL gl &, o] 2

ph

Wi

[7]

_ T
T W0
= M o
‘m " ]
B % e
i X E N
oy o B
ﬁadmﬂuT
ﬂoanmw
T m H P
ihﬂmaaﬁ.
ﬂpl_ﬂmo_zﬂja
TS
o) = T T
ﬂE%Eﬁoﬂo
PR
OLIﬂX
& o e
TN T
S @ of T
@ F T Ar
W oo o o
<0 zn gy A
ﬂﬂoﬂﬂﬂ
T opw X
=R R
o o U
&oo_eﬂpl&o
0o o XM o
T o0 o) W
Ty RN
= 5 o
4 do gl

8t

YA
ar

= Aol

oA 4
BARM AL

=
i:l

A Alo| &

&} 7] A

(13
=

otz uheld o] 7)

KeN
=

feel o9y



PCT/KR2024/096555

WO 2025/105926

B} 3L, reservoir

3t

il

A

SH = AYIA A g g

ol

Wi

A &SRk Wol A

=L
T

gl

2009-080971 =

& 3 B A

HYE FHE

&4
g W&

E
=

(

[13]

713 A

K o

I ol

sato]l &A ¥ At

=
=

Al el] NP ratio

G

of o utet,

[15]

ph

olp

1A

39

}H, NP Ratio”7} 110 ©]

te 29s

=l

3 o]

o

A

1
Lo

o A2kl

] gl

o
T

G

o 2=

ofof] uf

[18]

ol

sheieh.

4

6

ol

A5}

p=1
E=g

NP Ratio

=
=



PCT/KR2024/096555

B}E| %] S aL, o] ol ufe}

4
=

SER LR

ks)

S A

] 330mAh/g |
NP Ratio”} 110 o] 4o 2 %

WO 2025/105926

B % 4 B

= 5 O lrw

o ]2 | A~

ny wr X =% B AN

) Iy B D

il < . . X

N Ny R ol

R !

ol i O# — ﬂl

=2 g 9 R e

) T T o5 I Pi o5 o

M ﬂLﬂLﬂA Mﬂﬂmoxaﬂdl.muu

X o N " = =%

o o TR ) —_ = O O T

- Ry IR

x = o o T ooy

0 i EEM —_ = L_foa H

CI TR LS e ET

o oy o of W LomTﬂdl.mﬂ%

N Wogo MmO 2 gy

D TR oD 0 AW

o 2 R I AN T

DA MT - B BT

ur E o) ,ﬁ%mﬂmwﬂm%m%

yooox T o o Ko S

= W o=

=% ~ ey o T "y R = O T o A

NE —_ ‘W HT o f B~k 701 HT X H

A S .SL]WIL%LJI,JI,HE_Z#_.JI,

o L ° No o No wlo oF AN TS @I X X m w s

o jlie e B e R E S ol E

W ART R W o g ot oE O o O

ﬂ_. ﬂu.._ M« o T urc E.e ! ]HE‘MHX_HAT‘I‘IA .ﬁumﬂm‘l

W wam e w < I I B S S

T N Gy eyl PV eSS T

wr o) o o] op op T HO o o 00 o 2y ,Wo T P ,Wo ,Wo = == N mo

PR UT Y EEEESSSE AT P o AT g
N By Gyl = R %o

=) — N TN o~ w0 =) — o o

& aadgadasga aa& ) Al

=

Eo{
=
)

Ap =770l uk

=

1(<l

A

o]
H

T

1

<3
=

]

<t

1o
=

=]
1

]

A

o] &3]

[e)

=

o n% #1449 9

Ay
s ol

T"‘f‘f
Microtrac $3500)°ll =4 5lo] JAE©] El 9]

2 A O Q1o A, 7 g 7F o

(laser diffraction method)

]
A

[34]



PCT/KR2024/096555

N7F @&

A

th B g Al Aol slol A, S5

o A o QLo A, kA e

WO 2025/105926

[35]

-

o
B
e

ojo
0

X
i:l

3tar, A F3} A 2 v} E 713 9)(Gel Permeation Chromatography;

b A 4
o e] 7] 4ol

5

T
T .

4514 g

?l_

o o] ste] Aol

0%

-
s
B

e}

3

23!

_50
o

ol
nr

olp

Yo

21 7191 )

39

}H, NP Ratio”7} 110 ©]

te 29s

=l

3 o]

o

B} A @A, ol

4
=

Fol &= A B 87} 7

[s)

S A

=L

o] 2} A A]
NP Ratio”} 110 o]} o =

o

A

K
ol

Wi
)

kOl

-

~

;OE

o

ol

el
wir
i

Aol

[e)

=

2] ¥H(30)

(200)°]

—~
=

oF

&

2l ol A WA &=(100)3 21F o2k A

_50
i
=
U

o,

T

HA 4478

[s)

Fel BT} 2pA]

[s)

F ol 1A ol o}

o
ey

;OD
2]

_50

—

A& 1

12z

Chtl

100 T3 715 271 &%l 330mAh/g ©|



PCT/KR2024/096555

WO 2025/105926

O]_ Q
&

—_
fite]

B

_ZL

—_—

o}
"
b

Al

E

R0 Z0
EXINC
e lbls
N
o) T
w W
ol o

w
A

=y
ojo

~
]

B 2918 T 220 NP Ratio”} 110 o4+

[46]

23} 5 A]

SEREER

185

Wi

o

ol

Wi

%71 8ol 330mAh/g ©]

kA sl

© 1, 450mAh/g ©|3

A
193]

335mAh/g ©]/3d

A oAl

/2)1_9 H}

400mAh/g ©] &}

ol Wi

%71 &%l 330mAh/g

ol

o N
K ~
X ol
~ <
_X Z
o ol
lijsal o
5%
% w
Z oy
vy ﬂa
X Hh
= g
&
— Oru
e
jan
o D
G
o} JML
B o
ol X

o]
|
Tooow
™~
~o m})
D=
B T
ol o
N g
o) w5 H
n zlo NIr
<0

0,

ol

ol

100% At

B g R 7FE ol Al

6

A5

p=1
E=g

NP Ratio

53

o A
@_

=
[€)
K

&7 A

—

K

odu

ol

12z

T

39

Aol JAA, 247l 271 &7 o] 330mAh/g ©|

o1& AAA 7} E(Graphite)d <= AT}

L

[52]

ol

o 2

Wy

G



|

o

]

A

btz

<]
1

PCT/KR2024/096555
g—]_‘_

230 E A8 1F o4 1]

WO 2025/105926

oju ooy
m_x ﬁrl E.E 9 W m.\lu ﬂAE m_x Urc MM __ﬂm ET ﬂ_ﬁﬂa
whEy Som® PG ow T g
e G g™ BRwow ow
= o 2 = SRy iy ~
~5 N #ﬂ o L »n T N R N N Jﬁ
o Y __;%L:t vV Ty vV vV
T o x Q < B < > |
X]a (Wi<ﬂDl <]E1r \Vi Y Lollnl
roN 2 < OAAo =) =)
W o W Sh m .= = = o
< QLXK < N 5 < <
of o W 7S =T S S ® mg
= 1) o) © X 2o R »n . I » 7 0
= w2 B i A
s oo R I e o ol ol
NARNCHR I o T RN T e I~ R
R o o O ~
RO gy REE WG S W W
ol oy il - = s Hh o B o o %0 o o uﬁ
%%ﬂ%%V%o_E%ﬂJﬂ = = W
PriEzIziorls b o2 oy
gha® S WMol B B P
@LMNEEEWﬂLMWI&OV%ZT ,»] ,»] n
WEHﬂﬂfﬂf%%wﬂ%4w 5
qEmde g g - Nw R g
Mmr%%ﬁﬂﬂwﬁ%nﬂﬁd?ﬁ T T
TRNBER RV GET T J s D R
ﬂaﬂﬂﬁﬂo#ﬂﬂlq%ﬂ@ﬂu% ok ﬂMT
wH YT pET ST HENT T T L
BAUBRR GO STy T T OF
EXT N a iR P M
G g e g XN XX W o
Er‘_w]umomﬁmm Qm ‘:WﬂMEOHTﬂWOME ME mw
OtMOZ..#;AMﬂdeﬂOHTO iﬁo;?o O‘Uldﬂw_l
%A_%M%L%iﬂ%%g%9%%%%%%
N W R N Qe o %wrmnmoj,wr}wr N T
Ht,mo uEﬂHELQEL ;nOUL _*oﬂlgml_& oR il ilﬂtoﬁ
A ol S = » XU o =R K
3 =) = g = 3
2, ) ©, L B 9

ojvtar

=

L

A =7}

T
T .

Fe

[s)

= gsto] A&

=

Ad=2=



PCT/KR2024/096555

WO 2025/105926

[66]

A Le Ay e s S

s, oAl £, A

A

ol

—_—

0

5
ol

!

o] 40m’/g
(RS s

a]
5]

X
‘B
2

BET "] 3%

T
T .

A
45m*/g ©]’d 65m’/g ©|

e
1A

te}
e

s

3

Al ol stel A, 8]

o]} 70m*/g ©| 82

[68]

#dA et =

jou, vl

kOl

-

—

£ 7] g+ (Volatile

7§l—
0.01% ©174 0.3% ©]

1

o)

ool

D

Fubeha sl =

D

matter)©] 0.01% ©] 4} 1% ©|

Ei

LOLN
A
i
M

Ti’l_

0.01% ©]7 0.1% °lst&

T
T .

—_
fite]

Ei

s

A7 4

[E]

Sl el A

d], o] el wte}

e

10nm W #]

94
u

A A o

[e]
20nm WA 90nm, T

]
“

20nm W

ERENEE

[e]
-

7 87 =

o, u}

o]
AR

A~
T

]

100nm 2

Well M A2l ixb=

SAAE &5

[E]

!

[74]

s
i
b

SRR

[E]

A A == (bulk)

i

fite]

a1, Hup A A 02 3 5um

o]
AR

A~
T

]

o, A A= 3um A 64me



el

D

b} A,

PCT/KR2024/096555
[6)

D10°] 0.5um ©]% 2.0um

Hako] go]
#7}7} = ojuje}.

}

A
vl

shol ™, D90°] 6.5um ©]7g 15.0um ©]

5

YA
ar

Al = A

3Fol a1, D50°] 2.5um ©]4 3.5um ©]

5

WO 2025/105926
°]

[79]

&

X
‘B
2

BET H| i%

T
T .

A

!

i

e}

e

s

Al ol stel A, 8]

o] 0.25m’/g

AO

]
A

g

o]

o] 1m¥g ©]
b oS

S5m’/g ©]/3 300m*/g ©|

T .

sl

5

2}zl
2l

j=

o, v}

500m’/g ©] 5}

gl

YA
ar

Al = A

il

i
A
™

[82]

300m’/

)

AO

80m’/g ©|

Fubeha sl =

D

] 50m*/g ©|“d 500m’/g ©]

2}zl

&

X
‘B
2

], BET H]
g °l

3 (bundle

=

T

=

_(H

=

1=2|
2=, o714

A

sl

(rope) & B &f 2}

Ay

o

5m’/g ©]/3 25m’/g ©|

H)

[e)
, T} (bundle) <& =

=

T .

jm
o] =
AR

u
3

o]

=
Iﬂ

T
T .

s

&
r

T

i

B = 2B =3 (entangled type) B

F
B!

[84]



PCT/KR2024/096555

WO 2025/105926

[87]

2 Al
= |

b, 7H nt

D

25 T o

Bl

0%

-

~

;OE
;OD
B

wK

P

ol

wK

7} ol & Crateol A

!

K
ol

Wi

0%

¢



10

PCT/KR2024/096555

WO 2025/105926

A7 91 7 = tortuosity

Wi

ol

A5 @ F ol e 0%

[

1 274

s

A

AT}
| o=

[e)
A

4

[100]

il

—_
fite]

ol
o

ZA

o] 23] B o] vl S & e

ol

—_
fite]

—_—

0

[102]

of )V
up B

2
o] 74 9 el

Nir

=
=

0%

-
s
B
22

SR

A ]
=

B
;orl —_

0

! 0
o T
TR

WX

o

0

rd

lijsal

o B
TR

do To

e

ol

G E =, BET ¥]

[E]

e 4

Z o] 5m’/g °]

YA
ar

0%

-

—

AO

T
T .

Zelnd

-co-HFP), =

3% %(PVDF
(polyvinylidenefluoride), & 2] o} = 2 2 1] E 2 (polyacrylonitrile), = 2] v € v €}

j



11

PCT/KR2024/096555

WO 2025/105926

2jHd

CEF TR P

(polymethylmethacrylate), &

ol E

a2

Al 3T

MR g
< ol
%ow%
= M0
BC@_
Mw\%ﬂm
EEE
[a~]
ﬂNaE
T g
Y
HT,i J]
%?wﬂ
Wogr
oy o
55 %
SR |
= m
‘;L.O«ICJI‘._
oo <
P E X
\nm@
zZ ="
n 8
=Y
EGCSRI
AW
Ty
T 0
T o
= "
ok Ry

Al

=L
T

Al Ef ol w2 &= vkl = Al g

1
=

X

[107]

Wi

—_—

kOl

-

~

;OE

98 AL

—_—

PAMA| H}Q

A A

5

5um ©]“¢ 500um ©]

AZe) Al

2=

—~
=

o
1

Fol, 471

D

100um ©]

74t} ol 2]

FAE

AR 0 Z 1 WA 100ume]

o
T

o

(AN
X

—

NI

nr

1) &

AO

[110]

2~ E]
——-——-E,

=ol, 7, 28l

ofuH, o &

Ae

0

wK

ol-
15

ofof] g4 ¥ A

Al ol stel A, 8]

[112]

[113]

3

30% ©1°d 45% ©]

b ol sl

20% ©1/ 50% °©1s

ol s}, vl A 87 1=



Ea

PCT/KR2024/096555
Fol 2=H e

=

=

o, o

[e]

12

WO 2025/105926

2

4l

=
-T-

EAA o 72 3 A 5001me]

T A

nr

),tO

Le)

7

Nro

[117]

[e)

=
=

of v}

Co, Mn, Al, Cu, Fe, Mg, B ¥ Ga

[e)

=

(LiNiO,)
5 LiF€304

=

juy
juy

=

3l

U7 Al
sl 8}

=
™

(LiCo0»),

=

juy

A3}
ojuf 1 = 11 o] e HolmHo R A

Hl &=
AF3HE-(Li,Cu0,); LiVs0y, V205, CusV,0;
LiNi; oMo0, (1714, M

FErE
é]] Li1+can2—CIO4 (OSClSO?)?)), LiMnO3, LiMn203, Lan02

o
T

b

;Oﬁ

o
A
s

=

=

Fibolar,
/n

=]
=~

b

[}

|

1

|

Fe, Co, Ni, Cu

0.5 °]

5 Ho] 5 of

[e]

T

X ER
. 1

1
Ay

] A
71

A
Li,Mn;MOyg (04 7] }‘1 M

aFubo] 11, 0.01<c2<0.3

]'ﬂ‘%§ ﬂ‘t—i}ﬁl LiMn, M0, (04 7] }‘1 M

-

&)
LiNi,Co,Mn,0O, (x+y+z=1); LiNi,Co,Mn,

AlOs(a+b+c+d=1); LiMn,O,; LiNiysMn, sO,; 2 LiM,Fe PO4«M: Transition metal, x

A

o]
¥ o,

-
U

!
=

=

_E'_
y

T
~L-

EEELE
7]

e}
T

=
Mo

T

Ni A} o]
T

T .

T
=

=

ER
Co, Ni, Fe, Cr, Zn ¥ Ta ©. 5 o] Fo]Z o]

ol gloiA, 7]

_::‘_%_
Ho}

ke)
LiNi,Co,Mn Al;O,(a+b+c+d:

0.4 ©|

0.01<c3<0.1

(e]

o
L
arL
[e)
L
t

[118]
[119]

0%

-

~

ol
ol
53!
Bl
fuy

0

b

5

o}7]

=

=

ARl glol A, 2}eh 5}

T .

T

745



13
PCT/KR2024/096555

WO 2025/105926

plo
B
ol
Nd

—_—

0

B
ol
B
%A

o 2=

—_—

J o

X

Fek. A

=l

o 7k =, obAl

=
=

b

A F(SBR)
2= qlet,

(o]
=

|

sy

Sh, 113 o] 4 1509]

o

5

NP Ratio7} 110 ©] %+

T
T .

3}-EPDM, 2~ &l 7Bt

2E
T

3t

o] =

ato] A

Al el el 91014, NP Ratio7} 110 ©]7g 200 ©|
[6)

HE NPE

]

o
A= x4

o Sho1A, 371 2l oAk A A

-t]qll 2% (EPDM), &

(o]
=

|

=3

]

T

371

= e}o] =(PVDF), Hl d 7]
(PVDF-co-HFP), &2 8| d & A&, &2] ol =¥ 2 Y E ¥ (polyacrylonitrile), 7F = &

=
T
A7) 2

T

=
=

=

[124]
[125]
[126]

%3}

SEREER

=l

O =
Ae T

oA =

rd

A
N

ol

ol

Wi

171 21 AE

[s)

T
T .

1

AHkA © 2 NP ratio

41 Al
N/P ratio

[127]
[128]
[129]
[130]
[131]

.

3t

A Z

KeN
=

-4 (half-cell)

&

e
wE5 AR

lijsal

=4 9

(&

—~
=

ph

3

0%

+
ol
oV



14
PCT/KR2024/096555

WO 2025/105926

0%

-

o

o

[132]

D

=

1

T

A| 2

[e)

=

-4 (half-cell)

Ay

2

ks)

A~
wE AL

=4 9

=

=

(o

—~
=

[133]

1 Al

0
=
o

—_—

-

ol

[e]

T

Fol
A

q.

T
T .

45

1

Fof A #]

T

ks)

S

22 w7 771

5]

L=

o] &l

i

3}

8149 ol
A

2l & ol

T .

T

IR =S

[

4

&
LA

dlol = A
e

[134]

AT,

Z,:
2-9EY e, T2 A 7R Y

Fet

AYA
e

ol
TR
r
it

ojo

}71 A
71 Bl Al #7718 2=, o

AO

=,

ol
X

&

A

[135]
[136]

& 2-vd HE
A8 7hH ) o]

3L
“r

1 o &l 7}H 1) o]

=

fol =
Fa1e)d R Y o) Eo v

T

ks)

@, e A E 13-t E2-0] 1]
o] 2]

o], N-H|
bR Yol E, tlvE FtE Yo E, o E 7K

T
=

= I
=

|

2 2E, 1,2-t 5 A o HEL

]

FA AL

5

2}zl
2l

j=

=
= )

3], 71 7ROl EA 7] &l T are] @ ZHE.d| o]

f 2] Al 71

[

)

U&4d, olAEUE- UEZ

E
=

Al
=

[137]



15

WO 2025/105926 PCT/KR2024/096555

[138]

[139]

[140]

[141]

[142
[143
[144
[145

—t e e e

[146]

Eg A o2 EHsol ALa ek £ 1] 2= A4 g DE
T ol Bl & nphA sHA| AFEE 5 T
BV FEYS HEIS AT AL AV HEA S AV Hl g A de] &

A7 £ B2ARA, o E 5o, 47 g FERY S0l &2 EF,Cl,T,NO;,

N(CN),, BE,, CIO,, PFy, (CF;),PE,, (CF:):PF;, (CF;),PF,, (CF3)sPF, (CF;)¢P, CF;

SO;, CE;,CF,SOy5, (CF:S0,),N, (FSO,),N’, CF,CF,(CF;),CO, (CF;S0,),CH, (SFs);C,

(CF;S0,);C, CF(CF,),S0;, CF,CO,, CH;CO,, SCN Z (CF;CF,SO,),N & o] Fo{ %l

o RNE AE Y= 1F oS AREE 5 TR

A7 A Aoz 7] Al A AEE el s AR e s EA &, AA

% 7k oA, A9 MR B A 5 5

Arhuo]E B3 g & Gm o Aztu o] £ 535, )

F ol B Egfoghgolrl, s o H =, =
o
o

=

kr
o
o
i

60 oo o' T TI— Oﬂ

=

1At SA, 3, A olwl 9B, N-A &AM
U=, NON-% & o vt 2] |, ol e @l =2 & v o "2, ¢y, 9 E, 2-
W ZA] o gk = A AR T AVHAIZEIE ol vl 28E = )
=3

2 brg o] A AXGH = 7] oA DA E i AR Eetehe A ZE E o]
5 E3tehe AA A& Ageth 4] AA EE R AA] A a8 S &5
EA Aol & S 2= V] oA AA & 29t E, AV AbE A}, Shol B
2| = AV AE A, FH1-¢9 stolH = A Apsal R A AgE Ao
o Fof X ol A el = T tlnfo] ~9o] Mo = o] g4 = qlt}
o] AXAE 93 FH

ol &}, ¥ W o] o] s & 5 7] Yl sto] ubgA & A A of| & A Al Sk, 7] A A4
= 2 7NAIE dAlehE A W2 1A o HE 2 Vs ARG 9 Woll A ekt
A F FA ol 7he e d ALl Al Shof A Mgk Zlojw o] e dk WY o 42
Aol AH-8 58 H Tl Aol &st= AL Fdgk Aol

<A| Z 4>

<o|2}FH A 9 A Z>

<A A o>

B A 252 (91235 91(D50=18um): I 91 5-91(D50=18um)=50:50, Carbon
black & H}SI| 24 SBR, T A 24 CMCE-95.7:1:2.3:19] &0 2 & &8
g A& =AM SRl HUbet 5= £Y 8 E AXsR T (LdE s 5

1]/ WHH O = 3= Carbon black, B} T €} =& homo 2| A & ©]-&3}4] 2500rpm,
259223259, AAE) S 2718 F 2500mpm, 0min



16

WO 2025/105926 PCT/KR2024/096555
[147] = HAAZA T ARAAGA: 15| FRol 47 == 88 E
5.48mAh/em’ 2 Fo = :”%3}1 130°C9] HF Q. Eo) A 1AL Fek Az, g
A(roll press)sto] &= F=dFS AT (&= T5EF 35%)

[148]

[149]

[150]

[151]
[152]

[153]

[154]

[155]

[156]

[157]

[158]

%= FEAZ A LiNigeCop:Mno.0x(8 T 4 4 (D50): 15im), = A 2 A 7HE-E
2 (A9 Super C65, A ZA}F: Timeal), BFOIT 24 Z )| d g W& F 0 dol=
(PVAF)E 95:2.5:2.59] %Bhﬂ]i U= LY S S 2 N-HE-2-3] &4
=(NMP)ol| H7tete] &= S8 & A XS ATHAL W 55 635 F%).

F= HAARA dFuE HAAGA: 15mm)e] FHel B = sddE
4.0mAh/em’®] 2R # o 7 FH a1 130°Ce A3 o| A 1A ZF Zok Az, <t
A(roll press)ste] 4= FRAFTE PAsto], FF S Az (FF9] FFF

e’}

fal
.
T

o
aL o
.

25%).
7] F=at A7) A o] &= Abolo) Zolddl B WS A Eta As) A
S T3t 2l F o)z AAE A 2SI (4.2V~2V 7] F, NP ratio 137)
<H| nl 4>

A 22 (9125 (D50=18um): 1 1 =-91(D50=18.m)=80:20, Carbon
black ¥ B}l { 24 SBR, 58 A &4 CMCE 95.7:1:2.3:19] THH| & &= & ¢
o] A& B EA Tl HUste] &= €92 5 AL (LR 5
505 F%).

o] ) WH © 2 3= Carbon black, 11Tl €} &S homo U] A & ©]-&3}Fe] 2500rpm,
30min HAMAA = F ZEAQIZSA, IA=5<0)E H7FgE 2 2500rpm, 30min
& WA A £ 2 & A 2Rl

o= AAAZA T JAAGA: 15m)e] FH 7] &= £ E
5.48mAh/cm’ 24 k0 &2 T HEFa1, 130°CY] 2 QB A A et Ax, 9

2
1
A(roll press)sto] &= SEA S S AT (27 35 F 35%)
k= & A 24 LiNig¢Coy,Mny,0,(8 7 ¢ 7 (D50): 15um), 5= A A 24 7} 55
2 (A% 4 : Super C65, Al ZA}: Timeal), QI H 24 Z2 v d g dl&F . glol =
(PVAF)E 95:2.5:2.59] ahﬂ]i U= LY S S 2 N-HE-2-3] &4
EWNNMP)ell H7tste] &= el & AZXSFATHIL I W 55 635 F%).
F= HAA =A é‘ﬁé‘ﬂlﬁ A% Xﬂ(‘r”ﬂ 15im)e] FH ol A7) S &ele] &
4.0mAh/em’®] B eFo 2 38 3a1, 130°C] A3 QL E-of 1 A7 et Az, ¢

v H
A(roll press)ato] F= FEAF S GAste], S5 AZAT (F=9] F58

e’}

oﬂ ]I
Ot
_‘4

e’}

u

O

25%).

7] F=a A7) vlale o] g Aol Sl E #ll e uhs A Al skal A A
S FE B ola AAE A 23 ). (4.2V~2V 7] &, NP ratio 137)

[3E1]



WO 2025/105926 PCT/KR2024/096555

[159]
[160]

[161]

[162]

[163]

[164]

[165]

[166]

o1 o= 2 %( NP Ratio
z7] % 7] €% |mAh/em?) (4.2V~2V7|
(mAh/g) |(mAh/g) )

r2
oy
r2
A
r2
oy
r2
0,
PN
oy
r2

%
7}

oy, ot
iy 2
i 2

2

>,

Al 150:50:0 364 350 5.48 137

2

|

o

|22 (80:20:0 364 350 5.48 137
|

A4 1.8 54 HI}
71 Aol H Bl alof ol A A 23 5=
Bz

WA S ol g3l 4344 519 37}

e
s

A}

=& Bli= o] b =
= sk L &% 74
Ol XA A & 4.2-2.0V 1C/0.5CE In-situ A}0] E(cycle) HIZEE 28819 a1, €]
22 E A] 50A}e] E(cycle) WFE} 0.33C/0.33C 5/ A (4.2-2.0V)3ko] S5 F 1] &S
SAskA ). 8] 3 200 4= RPT& % #A1 & 0] o} In-situ &% FA1 &5 %71
8t Tk

| A (%) = (N A Abol Sl A o W &-3F)/(A A Alo] Zell A o] ¥
85} X 100

AE o 2: A8 F7M& A HIL

A7 A8 o 1) A Eﬂ 2 E A] 50A}0] Z(cycle) 7} 0.33C/0.33C /44
(4.2-20V)8te] &3 F-A &8 A3 T, SOC5000 A 2.5C pulse 2 2 8Fo] %3}
% A slo] A3 57}@3 H] 3l A 31l o

S A7 SA H7F R AV AR F7HE 54 7k gk, 4

100cycle, 200cycle R 400cycleol| A o] Hlo|H & A4l o 1 A= 5H7] 3%
29} gkt

8l7] 3 2004 7] Aol of oAb Aol T ake] 2h2) 370
sto] Ao 1 WA 302 37|85t 0, 47| Blale] o] o] 2%
3R s IS X dste] vlale] 1 WA 328 378 AL,
B 3 A 4L H Blalel] 1WA 39 Hrd 5 HAl 4

[‘ﬁ

N

=

> L ojy

X
4
o,
o,
N
)
i
N,
o

ra
>
=

£

= 2
Ot
0
A
N

o
>

N
N
X
o
of
32

1%0.33C 100" 22 200" 82 (400" 82 |2.5C T |2.5C WA
A 88 R4 B(%) [ 72 B(%) |- A (%) |30 A (303 AT
(mAh) (R3OSec, Oh (R3056C9 Oh

m) m)

Al 1 |88.9 93.3 88.3 80.8 1.12 1.21
2Ald] 2 189.1 91.6 87.5 79.7 1.14 1.26
Ao 3 (89.7 91 86.3 77.4 1.15 1.3




PCT/KR2024/096555

18

dﬂo_e,mdl,ul
X BT T
oo || o 91_%1__Eﬁﬂuo#oﬂul
e M N |en | | = Mﬂliﬁaﬂlzo
o o io_e%
s Mo
T <o Ol i %o
lelalz|e |2 wT 2w
1011110@@0“.&0
= < <@ T
TZIIYR
g SR o K
o || S|w || SAaﬂm%Ef'
7187772@@0R1r
m o W omo
_zgﬁoNﬂlAT
ARER S
<t | = |+ | | — || O 9__ 0
NEEIEEIR IR A
oR G
?7/ﬂmMﬂd.
B L
ola|lo |~ w | |o — W oge 5%
a2 |d]|le|s|T|g o w2
Al=|aa|la]|x | ZJIOHT}ZAT
= S
& TN S B 7
o o P AT
ala(n|s|aln|e WD & gy~
94.78987.1_xﬁawro ™ o
SOSSSSODﬂA]JﬁﬂIﬂA
— OO#D_
o Bl Sl B [ P
BI|TI|T|T Bl W o 2 0w
BN R R RS o g
M |E = |7 || M W HR

WO 2025/105926

[167]

=
=

Bl 2ol o] A x| 2] 7

sh

78 5-oll= F 3ol &

5

1

o
1=

|

2]
4
39l

o & A4kl
Ratio”} 110 ©]

[e)

-



11z

PCT/KR2024/096555
Rl

19

|

T

T4

1 A

100 T 71 271 &%) 330mAh/g ©|
Rl

2 ¥ ol zt
1ol 9oy A,

i

T
T .

q.

],

5

Q_—rL

&}
NP Ratio”} 110 ©]
-

|
|

A
5+ 2

q.

WO 2025/105926
3

Q_—rL
Q_—rL

3|

[
[

B
&

K

—

odu

ol

1z

T

39

% 7] &%0] 330mAh/g ©]

o} 3

=
™

1:99 W #] 50:50 <1 &) & ol &} A A,

1ol 9oy A,

T .

T

i

q.

Q_—rL

g

< &

o} 3]

q.

Q_—rL

3|

[

ol

1] Lof A,
NP Ratio”} 110 ©]4 200 o]}l 2l €]

30l SlofA,

1

[
1

[}

q.

q.

Q_—rL
Q_—rL

3|

S
3|

[e]

|
|

5} 4
5

q.

q.

Q_—rL
Q_—rL

3|

[
[

ph

N AR
CSCS

LiNi,Co,Mn,0O, (x+y+z=1); LiNi,Co,Mn.Al,O
»(at+b+c+d=1); LiMn,O,; LiNiysMn, sO,; 2 LiM,Fe, PO4«M: Transition metal,

|

o]

2ko] 330mAh/g ©] 42l Q1%
Q1 2] ol A AA.

&

20 A ofA,
1] AofA,
7] A A,

1

[
1

[
1

[}

q.

q.

7] Z=7]

Q_—rL
Q_—rL
Q_—rL

g
PAR
3

S
3|

[e]

x+y=1)= o]

|
|
|

- 6
A
) 8

q.

q.

q.

Q_—rL
Q_—rL
Q_—rL

[74

3|

_O
[78
[8



20

PCT/KR2024/096555

WO 2025/105926

LiNi,Co,Mn,O, (x+y+z=1); ®=+ LiNi,Co,Mn

,

=l

1

o
e

=
=

AlLOs(a+b+c+d=1)

°]aL,

)

AO

0.5 ©]

T
T .

7]Z

AO

1ol 9oy A,

&

Q_—rL

g

b

5} 9]

Q_—rL

[

2

o1

=l

Lum ©]% 100um ©]
5um ©]“% 500um ©]

T
T .

2l

0
-~

A A

3

T
T .

—_—

X

70l Q1o A,

7

g

b

4 10]

Q_—rL

[

2

o1

=l

Lum ©]% 100um ©]
5um ©]“% 500um ©]

A=

21

0
-~

A A

af

T
T .

—_—

X



WO 2025/105926

1]

g
£l

P
%

40

50

&
E

> 100

171

PCT/KR2024/096555



INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2024/096555

A. CLASSIFICATION OF SUBJECT MATTER

HO01M 10/052(2010.01)i; HO1M 4/133(2010.01)i; HO1IM 4/587(2010.01)i; HO1M 4/38(2006.01)i; HO1M 4/485(2010.01)i;
HO01M 4/58(2010.01)i; HOIM 4/40(2006.01)i; HO1M 4/525(2010.01)i; HO1IM 4/505(2010.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO1M 10/052(2010.01); HOIM 4/13(2010.01); HO1M 4/485(2010.01); HO1M 4/58(2010.01); HOIM 4/587(2010.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models: IPC as above
Japanese utility models and applications for utility models: [PC as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS (KIPO internal) & keywords: 2] ©] =X} #] (lithinm secondary battery), == (anode), 27 & 4 (carbon
based active material), 17 &< (artificial graphite), 7] 8- Z(initial capacity), NP H] (NP ratio)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

KR 10-2017-0050507 A (LG CHEM, LTD.) 11 May 2017 (2017-05-11)
Y See claims 1 and 5; and paragraphs [0005], [0017]-[0019], [0022]-[0025], [0036] and 1-10
[0037].

KR 10-2016-0084600 A (LG CHEM, LTD.) 14 July 2016 (2016-07-14)

Y See claims 1 and 4-6; and paragraphs [0024], [0026] and [0048]-[0050]. 1-10

KR 10-2020-0072184 A (LG CHEM, LTD.) 22 June 2020 (2020-06-22)
Y See claims 1, 4 and 5. 3,5

JP 05-290844 A (SANYO ELECTRIC CO., LTD.) 05 November 1993 (1993-11-05)
A See claims 1 and 2. 1-10

KR 10-2022-0157095 A (TECH UNIVERSITY OF KOREA INDUSTRY ACADEMIC COOPERATION
FOUNDATION) 29 November 2022 (2022-11-29)

A See abstract; and claims 1-14. 1-10

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority

“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention

“D” document cited by the applicant in the international application «X” document of particular relevance; the claimed invention cannot be

considered novel or cannot be considered to involve an inventive step

“E” earlier application or patent but published on or after the international )
E PP p P when the document is taken alone

filing date
<1 document which may throw doubts on priority claim(s) or which is “Y” document of particular relevance; the claimed invention cannot be

cited to establish the publication date of another citation or other considered to involve an inventive step when the document is

special reason (as specified) combined with one or more other such documents, such combination
“0 document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art

means “&” document member of the same patent family

«p” document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
10 March 2025 10 March 2025
Name and mailing address of the ISA/KR Authorized officer

Korean Intellectual Property Office
Government Complex-Daejeon Building 4, 189 Cheongsa-
ro, Seo-gu, Daejeon 35208

Facsimile No. +82-42-481-8578 Telephone No.

Form PCT/ISA/210 (second sheet) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/KR2024/096555
. Pate.‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
KR  10-2017-0050507 A 11 May 2017 None
KR  10-2016-0084600 A 14 July 2016 KR 10-1746272  B1 12 June 2017
KR 10-2020-0072184 A 22 June 2020 CN 112470308 A 09 March 2021
CN 112470308 B 30 August 2024
EP 3800709 Al 07 April 2021
EP 3800709 A4 03 November 2021
Jp 2021-531619 A 18 November 2021
Jp 7118235 B2 15 August 2022
KR 10-2647045  B1 14 March 2024
us 2021-0288312 Al 16 September 2021
WO 2020-122459 Al 18 June 2020
Jp 05-290844 A 05 November 1993 Jp 3059820 B2 04 July 2000
KR 10-2022-0157095 A 29 November 2022 KR 10-2620768  B1 04 January 2024
WO 2022-244918 Al 24 November 2022

Form PCT/ISA/210 (patent family annex) (July 2022)



F A ZAFR AL A A YW B
PCT/KR2024/096555
A. o o] &3t 7|E EF (G ASIH EFAPC)
HO1M 10/052(2010.01)i; HO1M 4/133(2010.01)i; HO1M 4/587(2010.01)i; HO1M 4/38(2006.01)i; HO1M 4/485(2010.01)i;
HO1M 4/58(2010.01)i; HO1M 4/40(2006.01)i; HO1M 4/525(2010.01)i; HOIM 4/505(2010.01)i
B. ZALE &oF
AL HAEHA(TA S 7 71 A
HO1M 10/052(2010.01); HOIM 4/13(2010.01); HOIM 4/485(2010.01); HOLM 4/58(2010.01); HO1M 4/587(2010.01)
AR 7] EEofel Sl H A o] #le] 3
Fae S8R B Bl gk ) B4l ok W AR H A g whell 7] A IPC
A HAEAMTE 5 AN EAIE B AR H A d doll 7] Al E IPC
A ALl o] & A4t Ho] B o] 2 (E] o] B | o] 2 2] Fg A Bl A Mol Eate A1)
eKOMPASS(5-3] 4 W& A A 28 & 719 =: 2] 5 o] X4 A (lithinm secondary battery), == (anode), ¥4 &&5 2
(carbon based active material), 13 & ¢ (artificial graphite), Z 7] -8 Z(initial capacity), NP H| (NP ratlo)
C. dAEH
ZhHe ) 8 3w A E e e 71A 7 453
KR 10-2017-0050507 A (552 3| A} 9% 3}8}) 2017.05.11
Y 478 1, 5; ¥ [0005], [0017]-[0019], [0022]-[0025], [0036], [0037] 1-10
KR 10-2016-0084600 A (5521 3] A} <14 818}) 2016.07.14
Y A8 1, 4-6; T2 [0024], [0026], [0048]-[0050] 1-10
KR 10-2020-0072184 A (F=2] 3| A} 91%) 8}8}) 2020.06.22
Y 471,45 3.5
JP 05-290844 A (SANYO ELECTRIC CO., LTD.) 1993.11.05
A A7E L2 1-10
KR 10-2022-0157095 A (&F=& St o} St L 4He+9 & o) 2022.11.29
A 8.9 A58 1-14 1-10

[ 137t 2301 cols)el 71A9 9] s, W58 e a4 g AN L,

¥ ol Lyl Lale] B Fe|ag.

A" EWE Plo] Y A0 Mol AWH V| E5FS ST ZAEUY EE S Sol] F/E EA0E, S5}

g olg 24l AZsA) gom By o) 7] 27 H = A o] B8 o] 8]

o B j?xﬂg«l o A Z¢glo] A&t Ed g lgd v d

B mAEddun ihe SAd BT SAdS T TAFAY o swg pie] ot B Y Y A shivon P wg o
ol o] Y AEd e 53 4l NGFA R HA o] gl Ao @ B,

LA P SRS A HE EE e AGR A o el T
FAY EE e SR oI HOIFE BAE W) Jate) Y THT R A T G G0l st el el e
Q89 £al fiﬂfﬁ‘?fﬁéﬁ]éi?l °?ﬁfﬂ e

% ;] KX = =
07 FF NN, AR, AN B e FRe At e 2 T e e e e
P A o) Fol FAHYO ZAZAY oA AR ER & TALASEATA Hehe
T A ZALY] AA SEY A ZALE AL
2025303€10¥ (10.03.2025) 20253032102 (10.03.2025)
ISA/KR®| §7 5 -9 52 Al AT
fawls E5A
(35208) A F G A| A7 HALZ 189, 4% (4L, CEX
AR AHAD
22 H 3 +82-42-481-8578 314 5. 182-42-481-5373

XA PCT/ISA/210 (- A 27y (20223 78)




= A E AR I A
eSS BF AR

E?Xﬂ}_/\}%i/ﬂ of| A zA
189 58d

KR 10-2017-0050507 A 2017/05/11
KR 10-2016-0084600 A 2016/07/14
KR 10-2020-0072184 A 2020/06/22
JP  05-290844 A 1993/11/05
KR 10-2022-0157095 A 2022/11/29

Ex =ik
PCT/KR2024/096555
o858 & 2719

o
KR 10-1746272 Bl 2017/06/12
CN 112470308 A 2021/03/09
CN 112470308 B 2024/08/30
EP 3800709 Al 2021/04/07
EP 3800709 Ad 2021/11/03
JP 2021-531619 A 2021/11/18
JP 7118235 B2 2022/08/15
KR 10-2647045 B1 2024/03/14
US 20210288312 Al 2021/09/16
WO 2020-122459 Al 2020/06/18
JP 3059820 B2 2000/07/04
KR 10-2620768 B1 2024/01/04
WO 2022244918 Al 2022/11/24

A12] PCT/ISA210 (H]-5-5-3] F=7F8-#]) 20221 79)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report

